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Abstract
Flavonoids are known to be effective scavengers of free radicals. In particular, proanthocyanidins are flavonoids that possess cardiovascular protection,
antioxidative activities, and immunomodulatory activities. Here, we evaluated proanthocyanidin contents in the total polyphenolic compounds of pine
needle extracts prepared by hot water, ethanol, hexane, hot water-hexane (HWH), and hot water-ethanol (HWE). Analysis of each extract indicated
that the ethanol extract contained the highest proanthocyanidin concentration. The HWH and hexane extracts also contained relatively high concentrations
of proanthocyanidin. On the other hand, proanthocyanidin content analyses out of the total polyphenolic compounds indicated that the HWH extract
contained the highest content. These results suggest that HWH extraction is a suitable method to obtain an extract with a high level of pure proanthocyanidins
and a relatively high yield. The HWH extract possessed superior activity in diverse antioxidative analyses such as 2,2-diphenyl-1-picrylhydrazyl
(DPPH), ferrous ion chelating (FIC), and ferric-ion reducing power (FRAP) assays. In addition, upon assessing the effects of the pine needle extracts 
on macrophages (Raw 264.7 cell), the HWH extract exhibited the highest activity. In this study, we discerned an efficient extraction method to
achieve relatively pure proanthocyanidins from pine needles and evaluated the biological functions of the resulting extract, which could potentially
be used for its efficacious components in functional food products. 
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Introduction3)
Proanthocyanidins (PAs) are widely present in fruits, vegetables, 
nuts, seeds, flowers, and bark [1] and regarded as an important 
class of secondary metabolites in plants [2]. PAs are a group 
of naturally occurring polyphenolic bioflavonoids, specifically 
taking the form of oligomers or polymers of polyhydroxy 
flavan-3-ol units, such as (+)-catechin and (-)-epicatechin [3]. 
PAs have been reported to have a wide range of biological and 
pharmacological activities including antioxidative, cardioprotective, 
antitumor, antibacterial, antiviral, anti-inflammatory, and immun-
omodulatory effects [1,4]. Among these diverse pharmacological 
activities, the antitumor and antioxidative effects of PAs are most 
notable. Hence, PAs have received attentions in areas of health, 
medicine, and nutrition. PAs are shown to be some of the most 
potent free radical scavengers and antioxidants both in vitro and 
in vivo [5], as well as potential chemopreventive agents to 
ameliorate the normal cell toxicity associated with chemothera-
peutic agents used in cancer treatment.
Pine trees (Pinus densiflora) belong to the family Pinaceae 
and are widely distributed around the world. In East-Asian 
countries such as Korea and China, various parts of pine trees, 
including the needles, cones, cortices, and pollen, are widely 
consumed as foods or dietary supplements to promote health [6], 
and have shown a wide  spectrum of biological and pharma-
cological actions such as anti-inflammatory, antibacterial, 
antiviral, antidepressant, and triglyceride decreasing effects [7]. 
Pine bark acts as a good protective agent of collagen from 
collagenase [2] and pine needles have shown anti-hypertension 
effects [8], and protection against oxidative DNA damage and 
apoptosis induced by hydroxyl radicals [7].  The effective 
components of pine needles are chlorophyll, carotenes, dietary 
fiber, terpenoids, phenolic compounds, tannins, and alkaloids. 
Extracts from pine bark are reported to be effective scavengers 
of reactive oxygen, can lower serum lipids, and may help delay 
aging [9].
Extraction is essential for using PAs from pine trees and many 
methods have been applied for this purpose. Jeong et al. [7] used 
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Fig. 1. Schematic diagram of the extraction processes of the pine needles
cold water, freeze drying, and ethanol for PA extraction from 
pine needles. On the other hand, hot water and hexane [2] and 
ethanol [9] were used for PA extraction from pine bark. However, 
there are scant systematic comparisons of pine needle extraction 
methods. Therefore, this study compared diverse extraction 
methods for PA extraction from pine needles.
To establish an effective method of PA extraction, we 
evaluated proanthocyanidin contents in the total polyphenolic 
compounds of pine needle extracts prepared by various extraction 
methods and compared their antioxidative and immunomodulatory 
activities.
Materials and Methods
Chemicals
Sodium carbonate, potassium dihydrogen phosphate, dipotassium 
hydrogen phosphate, and iron (III) chloride 6-hydrate were 
purchased from Fisher Scientific (Louhgborough, UK). L-(+)- 
ascorbic acid, butylated hydroxytoluene (BHT), Folin-Ciocal-
teau’s reagent, iron (II) sulfate 7-hydrate, β-carotene (Type 1: 
synthetic), 2,2-diphenyl-1-picrylhydrazyl, and lipopolysaccharide 
(LPS) were obtained from Sigma (St. Louis, MO, USA). Gallic 
acid, Tween 40, and potassium ferricyanide were obtained from 
MP biomedicals LLC (Solon, OH, USA). Trichloroacetic acid 
was obtained from Junsei Kagaku (Tokyo, Japan). Linoleic acid 
was obtained from Fluka (Buchs, Switzerland). RPMI-1640 
medium, fetal bovine serum (FBS), and penicillin-streptomycin 
were obtained from Bio Whittaker (Walkersville, MD, USA).
Preparation of pine needle extracts
The pine needle extracts were prepared by hot water, ethanol, 
hexane, hot water-hexane (HWH), and hot water-ethanol (HWE) 
extraction (Fig. 1). The needles were crushed mechanically into 
a powder form using a mortar and a pestle. The pine needle 
powder (3 kg) was then extracted with 4 L each of ddH2O, 
hexane, and ethanol at 80℃ for 12 hr to obtain the hot water, 
hexane, and ethanol extracts, respectively. To obtain the hot 
water-hexane (HWH) and hot water-ethanol (HWE) extracts, the 
pine needle powder (3 kg) was extracted with 4 L of ddH2O. 
After removing the supernatant of the hot water extract, the 
residuum was extracted with 4 L each of hexane (HWH) or 
ethanol (HWE) at 80℃ for 12 hr. Each extract was filtered with 
Whatman filter paper, evaporated under vacuum at 40℃, and 
then lyophilized. The extracts were stored at -20℃ until used.
Analysis of total polyphenolic compounds (TPC) in extracts
The amounts of TPC in the extracts were determined using 
the Folin-Ciocalteau assay [10]. Each extract was dissolved and 
diluted in 99% methanol. Three-hundred microliters of sample 
were added to test tubes followed by 1.5 ml of Folin-Ciocalteau’s 
reagent (10 x dilutions) and 1.2 ml of sodium carbonate (7.5% 
w/v). The mixture was allowed to stand for 30 min before 
absorbance was measured at 765 nm. TPC was expressed as gallic 
acid equivalents (GAE) in mg per 100 g of material. 
Analysis of proanthocyanidin in extracts
The amounts of proanthocyanidins in the extracts were 
determined by the method of Brand-Williams et al. [11]. Each 
extract was dissolved and diluted in 99% methanol. One milliliter 
of extract was added to 6 ml of 5% (v/v) HCl (in butanol) solution 
and 0.2 ml of FeNH4(SO4)2․H2O (in 2M HCl) solution. The 
sample mixture was incubated at 95℃  for 40 min and then 
centrifuged at 14,000×g for 5 min. The supernatant was 
transferred to a new vial and 5% (v/v) HCl (in butanol) solution 
was added. The absorbance of each tube was measured at 550 
nm. The amount of proanthocyanidin in each sample was 
calculated using 96% grape seed proanthocyanidin (Naturex, 
Avignon, France) as a standard.
Analysis of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical- 
scavenging activity in extracts
The free radical scavenging activities of the extracts were 
measured by the DPPH method proposed by Brand-Williams et 
al. [11]. Each extract was dissolved and diluted in 99% methanol. 
One milliliter of extract was added to 2 ml of DPPH (5.9 mg 
in 100 ml methanol) solution. The mixture was incubated for 
30 min at room temperature and then the absorbance was 
measured at 517 nm. The DPPH radical scavenging activity was 
calculated according to the following equation: 
DPPH radical scavenging activity (%) = [(A0-A1)/A0] × 100
where A0 was the absorbance of the control, and A1 was the 
absorbance with the test compound.18 Extraction of proanthocyanidin from pine needles
Table 1. Concentrations of total polyphenolic compounds and proanthocyanidin
in pine needle extracts
Extract Yield
(%)
Concentration
of total
polyphenolic
compounds
(mg/g extract)
Concentration of
total
proanthocyanidin
(mg/g extract)
Proanthocyanidin 
content in
total
polyphenolic 
compounds
(%)
Hot water 6.1 ± 0.02 124.4 ± 0.30 4.5 ± 0.06 3.6 ± 0.03
Hexane 12.6 ± 0.01 143.6 ± 0.30 128.6 ± 0.40 93.2 ± 0.20
Ethanol 17.6 ± 0.02 810.0 ± 0.60 360.0 ± 0.50 44.4 ± 0.10
HWH 3.9 ± 0.01 199.5 ± 0.40 186.3 ± 0.30 93.8 ± 0.30
HWE 14.6 ± 0.01  88.3 ± 0.10 54.2 ± 0.10 61.4 ± 0.20
Means ± SEM  for  three  samples  are  shown. 
This  experiment  was  repeated  at  least  twice  yielding  reproducible results.
Ferric-reducing antioxidant power (FRAP) assay of extracts
The FRAP assay was performed according to the Benzie and 
Strain method [12] with some modifications. Each extract was 
dissolved and diluted in 99% methanol. One milliliter of extract 
was added to 2.5 ml of 0.2 M potassium phosphate buffer (pH 
6.6) and 2.5 ml of 1% (w/v) potassium ferricyanide. The mixture 
was incubated for 20 min at 50℃, after which 2.5 ml of 10% 
trichloroacetic acid was added. The mixture was then separated 
into aliquots of 2.5 ml and mixed with 2.5 ml of ddH2O. Then, 
0.5 ml of 0.1% (w/v) FeCl3 was added to each tube and allowed 
to stand for 30 min. The absorbance of each tube was measured 
at 700 nm. 
Ferrous ion chelating (FIC) assay of extracts
Metal chelating activity was determined according to the 
method of Dinis et al. [13]. FeSO4 (2 mM) and ferrozine (5 
mM) were prepared and diluted 20 times. The extracts (10, 50, 
100, 250, and 500 µl, diluted to 1 ml) were mixed with 1 ml 
of diluted FeSO4, followed by 1 ml of diluted ferrozine. The 
tubes were mixed well and allowed to stand for 10 min at room 
temperature. The absorbance of each tube was measured at 562 
nm. The ability of the sample to chelate ferrous ions was 
calculated and expressed as follows:
Chelating effect (%) = [1-(A1/A0)] × 100
where A0 was the absorbance of the control, and A1 was the 
absorbance with the test compound.
Cell culture and analysis of nitric oxide (NO) production 
RAW 264.7 cells, a murine macrophage cell line, were 
obtained from the Korean Cell Line Bank (Korea). The cells were 
cultured in RPMI-1640 medium and supplemented with 10% 
FBS and 100 U/ml penicillin-streptomycin at 37℃  in a 
humidified 5% CO2 atmosphere. The cells (2×10
5 cells per well) 
were seeded in a 96-well plate and incubated in RPMI-1640 
medium and supplemented with 10% dextran-coated charcoal 
stripped medium and 100 U/ml penicillin-streptomycin. After 18 
h of cultivation, LPS (1 µg/ml) and various concentrations of 
the pine needle extracts (0-500 µg/ml) were added to the cells. 
After an additional 24 h of incubation, the NO released from 
the macrophage cells was assessed by measuring the nitrite 
concentration using the culture supernatant. One-hundred fifty 
microliters of the culture media were incubated with 50 µl of 
Griess reagent (1% sulfanilamide, 0.1% naphthylethylene 
diamine in 2.5% phosphoric acid solution) at room temperature 
for 10 min in a 96-well microplate [14]. Nitrite concentration 
was determined with an ELISA microplate reader at an 
absorbance of 540 nm in comparison with NaNO2 as a standard. 
Background levels of nitrite were determined in cell-free 
RPMI-1640, with or without the additives, and were subtracted 
from the total amount of nitrite formed. 
Results
Extraction yield and proanthocyanidin contents 
Phenolic compounds are commonly found in both edible and 
inedible plants and have been reported to have multiple biological 
effects, including antioxidant activity [15]. Table 1 shows the 
effects of various solvents on the yield, total phenolics, and 
proanthocyanidin contents of the pine needles. Out of the TPC, 
PA content was highest in the HWH (93.8%) and hexane (93.2%) 
extracts, while the ethanol extract showed only 44.4%. This 
indicated that a greater amount of non-PA substances existed 
in the ethanol extract. On the other hand, the hot water extract 
showed the lowest PA content (3.6%) out of the TPC.
The ethanol extract harbored the highest mass of TPC (810 
mg/g) and PA (360 mg/g). Yu et al. [9] reported a 114.15 mg 
amount of TPC for one gram dry weight of pine bark by ethanol 
extraction, indicating pine bark as a rich source of TPC. Our 
study showed TPC amounts from pine needles in ranges from 
88.24 to 810.00 mg/g dry weight (Table 1), and the highest 
amount of TPC was found in the ethanol extract. Our ethanol 
extraction conditions (80% ethanol, 80℃, 12 hours) were 
different from Yu et al. [9] (60% ethanol, 50℃, 2 hours), 
suggesting that the pine needles or our extraction conditions may 
be superior to those of Yu et al. [9]. 
Absolute amounts of PA were much higher in the HWH and 
HWE extracts than in the hot water extract (Table 1). These 
results suggest that hydrophilic compounds were mainly removed 
by hot water extraction, and the extraction rate of hydrophobic 
PAs was enhanced. In addition, this combined extraction method 
could be applicable to many other residua or wastes for materials 
of interest.
DPPH radical scavenging activity
The DPPH assay was used to determine the extracts’ abilities 
to scavenge free radicals, and the results are shown in Fig. 2. 
The stable radical DPPH has been widely used to determine the 
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Fig. 2. DPPH radical scavenging activities of pine needle extracts. Means ±
SEM for three samples are shown as percentages compared with no treatment 
(0%). Factorial ANOVA with Fisher's PLSD post-hoc test
* P <0.001 was compared 
with no treatment. This experiment was repeated at least twice yielding reproducible 
results.  BHT:  butylated  hydroxytoluene,  Proanthocyanidin:  96%  grape  seed 
proanthocyanidin.
Table 2. Antioxidative activities of pine needle extracts estimated from DPPH
radical scavenger activity
Extract Antioxidative activity (IC50 μg/ml)
Hot water 102 ± 0.96
Hexane 82 ± 0.73
Ethanol 120 ± 1.37
HWH 53 ± 0.49
HWE 140 ± 0.62
Fig. 3. Ferric-reducing antioxidant powers of pine needle extracts.  Means ±
SEM for three samples are shown as percentages compared with no treatment 
(0%). Factorial ANOVA with Fisher's PLSD post-hoc test
* P <0.001 was compared 
with no treatment. This experiment was repeated at least twice yielding reproducible 
results.  BHT:  butylated  hydroxytoluene,  Proanthocyanidin:  96%  grape  seed 
proanthocyanidin.
and fruit extracts, and food materials [16]. The HWH extract 
showed the most powerful scavenging activity against DPPH 
radicals, in a concentration dependent manner ranging from 10 
to 250 μg/ml. On the other hand, HWE showed the lowest DPPH 
radical activity. The hexane extract of pine needles is recognized 
for its primary antioxidants, which terminate the chain reactions 
by major initiators in the autoxidation of fatty acids [17,18]. The 
abundance of TPC within plant extracts is correlated with their 
enhanced antioxidant activity [19]. This is mainly due to their 
redox properties, which can play an important role in adsorbing 
and neutralizing free radicals, quenching singlet and triplet 
oxygen, or decomposing peroxides [20].
Table 2 shows IC50 values for the antioxidative activity of the 
extracts. The HWH and hexane extracts represented 53 and 82 
μg/ml, respectively. The hot water, ethanol, and HWE extracts 
showed IC50  values over 100 μg/ml. These results confirmed the 
superior antioxidative activity of the HWH extract compared to 
the other extracts.
Antioxidative activity by FRAP assay
The FRAP assay measures the reduction of ferric iron (Fe
3+) 
to ferrous iron (Fe
2+) in the presence of antioxidants, which are 
reductants with half-reaction reduction potentials above that of 
Fe
3+/ Fe
2+. Fig. 3 shows the FRAP assay results of the pine needle 
extracts compared with ascorbic acid, gallic acid, PA, and BHT. 
All extracts showed dose-dependent FRAPs and the HWH extract 
showed the highest reducing power among the extracts. The 
HWH extract showed higher activity than both purchased PA 
and BHT. The ethanol, HWE, and hot water extracts showed 
the lowest FRAPs. Table 1 shows that total PA content was about 
2-fold higher in the ethanol extract compared to the HWH extract. 
Hence, total PA mass was about 4-fold in 500 μg/ml of the 
ethanol extract than in 250 μg/ml of the HWH extract; however, 
they showed similar FRAPs. This may suggest the presence of 
inhibiting compounds or differences in extracted PA classes with 
respect to FRAP activity in the ethanol extract, as well as the 
importance of extraction methods for biologically functional 
compounds.20 Extraction of proanthocyanidin from pine needles
Fig. 4. Ferrous ion chelating activities of pine needle extracts. Means ± SEM 
for three samples are shown as percentages compared with no treatment (0%). 
Factorial ANOVA with Fisher's PLSD post-hoc test
* P < 0.001 was compared with 
no  treatment.  This  experiment  was  repeated  at  least  twice  yielding  reproducible 
results.
Fig. 5. Inhibitory effects of LPS-induced NO production by pine needle extracts. 
Means ± SEM for three samples are shown as percentages compared with no 
treatment (100%). Factorial ANOVA with Fisher's PLSD post-hoc test
* P < 0.001 
was  compared  with  no  treatment.  This  experiment  was  repeated  at  least  twice 
yielding  reproducible  results.
Antioxidative activity by FIC assay
Gardner et al. [21] reported that chelating agents are effective 
as secondary antioxidants, as they reduce reduction potential and 
stabilize the oxidized form of metal ions. Fe
2+ ions can encourage 
lipid peroxidation by generating hydroxyl radicals through the 
Fenton reaction and increase lipid peroxidation by decomposing 
lipid hydroperoxides into peroxyl and alkoxyl radicals, thereby 
initiating the chain reaction of lipid peroxidation [22]. The Fe
2+ 
ion chelating abilities of the various extracts were determined 
by measuring their capacities to compete with ferrozine for the 
Fe
2+ ion, as ferrozine can quantitatively form complexes with 
Fe
2+ ions. Fig. 4 represents the FIC activity of the pine needle 
extracts. All extracts showed dose-dependent FIC activities and 
the HWH extract showed outstanding chelating activity compared 
to the other extracts, especially at 50 and 100 μg/ml. HWH 
extract was superior to BHT and similar to gallic acid or ascorbic 
acid in FIC activity. The HWE extract presented the lowest FIC 
activity overall. 
Immunomodulatory activities of pine needle extracts
The stimulation of macrophages to produce NO demands a 
signal and LPS. Therefore, RAW 264.7 cells were treated with 
LPS along with the pine needle extracts. To determine 
appropriate concentrations of the pine needle extracts, the 
RAW264.7 macrophages were treated with 0-500 µg/ml of the 
extracts and nitrite in culture broths that were then analyzed. 
As shown in Fig. 5, all extracts decreased NO production in 
a concentration dependent manner. In particular, the HWH extract 
showed the highest inhibition of LPS-induced NO production (52 
and 38% inhibition of NO production abilities at 250 and 500 
µg/ml, respectively). NO production showed a steep decline 
according to increasing concentrations of the HWH extract, while 
the ethanol and hexane extracts represented gentle declines. Table 
1 shows similar PA contents out of the TPC for the HWE and 
hexane extracts. The hexane extract contained about 72 and 69% 
of TPC and PA, respectively, compared with the HWH extract. 
However, NO production was reduced more effectively with 100 
and 250 µg/ml of the HWH extract than with 250 and 500 µg/ml 
of the hexane extract, respectively.
Discussion
Proanthocyanidin is a kind of phenolic product (oligonols are 
catechin-type monomers, dimers and trimers, as well as 
oligomeric proanthocyanidins) present in plant, and has received 
attention recently [23,24]. Experimental and clinical studies have 
shown that proanthocyanidin has an antioxidant effect, antino-
ciceptive and cardioprotective properties, without inducing 
significant toxicological effects [25-27]. Pine trees (Pinus 
densiflora) have shown a wide range of biologically functional 
activities and many methods have been applied for PA extraction 
from pine trees [2,7-9]. We compared diverse extraction methods 
for PA extraction from pine needles as there are less systematic 
comparisons of those extraction methods.  
Table 1 showed TPC amounts from pine needles in ranges 
from 88.24 to 810.00 mg/g dry weight. In other studies, TPC 
contents were less than 100 mg/g dry weight from the seed of 
Caesalpinia bonducella using ethanol extraction [28], and less 
than 30 mg from cantaloupe methanol extracts [29]. Baydar et 
al. [30] extracted 667.87 and 627.98 mg/g from the seeds of 
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water, respectively. Ku et al. [2] extracted PA from pine bark 
by sequencing the use of hot water, acetone, and hexane. In 
Korea, however, methanol and acetone are prohibited for use 
as extraction solvents due to oral usage by humans and could 
not be employed in the present study. We used HWH, HWE, 
hexane, ethanol, and hot water extraction methods for PA 
preparation from pine needles (Fig. 1). Hence, a mere comparison 
is not appropriate between our method and that of Baydar et 
al. [30]. 
In our study, the ethanol extract showed the highest quantity 
of TPC, however, its PA content was 44.4%, while the HWH 
and hexane extracts showed PA contents of 93.8 and 93.2%, 
respectively (Table 1). For the HWH and HWE extracts, PA was 
extracted from the residuum of following hot water extraction. 
Hexane extraction with the residuum of the hot water (HWH) 
extract would have two advantages. First, biologically functional 
components can be extracted by their hydrophilic and hydrophobic 
characteristics. Second, impurities in the hydrophilic portion 
would be diminished. Souquet et al. [31] has reported that six 
polymeric PAs (tannin) could be purified from grape skins by 
using size exclusion chromatography followed by normal phase 
HPLC, however, this procedure is too complicate and costly to 
be applied for the commercial use of PA mass production. 
Several methods have been developed to estimate the total 
antioxidative activities of fruits, plants, and animal tissues. 
Among them, assays for oxygen radical absorption capacity [32], 
total radical absorption potentials [33], Trolox equivalent 
antioxidant [34], and ferric reducing ability (FRAP) [13] are 
generally used in various examinations. The TPC and PA of the 
extracts were compared by diverse antioxidative activities. HWH 
and hexane extracts showed first and second position, respectively, 
at DPPH radical scavenging activity (Fig. 2 and Table 2). HWH 
demonstrated the best activity among diverse extracts and 
superior activity to both purchased PA and BHT at FRAP assay 
(Fig. 3). In addition, HWH showed the outstanding activity at 
ferrous ion chelating activity (Fig. 4). Hence, we could conclude 
that HWH extract showed the outstanding antioxidative activity. 
Indeed, antioxidative activity of HWH extract from pine needle 
in this study revealed higher than that of hot water extract from 
pine needle reported by Jeong et al. [7]. Oxidative stress is caused 
by a disturbance of the balance between the antioxidant defense 
mechanisms of the human organism and the level of reactive 
oxygen species (ROS), and has been associated with many 
pathological disorders such as atherosclerosis, diabetes and 
cancer [35]. Supplementation with exogenous antioxidants, 
including phenolic compounds from plant sources, may help to 
restore this balance.
NO is involved in neurotransmission, cytotoxicity against 
microbes and tumors, and vasoregulation [4,36]. However, a high 
level of NO production may induce host cell death and 
inflammatory tissue damage [37]. Therefore, the overproduction 
of NO can be harmful and result in various inflammatory and 
autoimmune diseases [37-39], and pharmacological interference 
of the NO production cascade presents a promising strategy for 
therapeutic interventions against inflammatory disorders. In our 
study, immunomodulating activities were much higher in the 
HWH extract compared to the other tested extracts (Fig. 5). NO 
production represented a sharp decline in proportion to increasing 
concentrations of the HWH extract, while the ethanol and hexane 
extracts represented gentle declines. Hence, the method of HWH 
extraction would be appropriate for PA preparation from pine 
needles.
The results from this study demonstrate that we discerned an 
efficient extraction method to achieve relatively pure proantho-
cyanidin from pine needles and evaluated the biological functions 
of it, which could potentially be used for an efficacious 
component in functional food products.
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